From muon spin rotation measurements on under-to overdoped Bi-2212 crystals we obtain evidence for a two-stage transition of the vortex matter as a function of temperature. The first transition is well known and related to the irreversibility line (IL). The second one is located below the IL and has not been previously observed. It occurs for all three sets of crystals and is unrelated to the vortex mobility. Our data are consistent with a two-stage melting scenario where the intra-planar melting of the vortex lattice and the inter-planar decoupling of the vortex lines occur independently.
penetration depth λ. Their spins precess in the local magnetic field B(r) with the Larmor frequency ω µ = γ µ B(r), where γ µ = 851.4 MHz / T is the gyromagnetic ratio of the muon. The time evolution of the muon spin polarization P(t) is measured by monitoring the decay positrons which are preferentially emitted along the muon spin direction at the instant of decay. The probability distribution of the local magnetic field n(B), the so called 'µSR-lineshape', is extracted from P(t) via Fast Fourier Transform (FFT) techniques. The real part of the FFT contains the detailed information on the vortex structure [10] . For an ordered FLL, n(B) is strongly asymmetric [10] and has a pronounced tail towards the high field side due to muons that stop near the vortex cores, a cusp which corresponds to the field at the saddle point between adjacent vortices and a cutoff on the low field side corresponding to the field minimum at the point which is most remote from the vortex cores. The asymmetry of n(B) is best characterized by the so called 'skewness ' [11] α < ∆B 3 > 1/3 / < ∆B 2 > 1/2 , where < ∆B n > is the n th central moment of n(B). For an ordered FLL the α-values are typically close to unity [11, 12] . The parameter α is very sensitive to structural changes of the vortex-state which occur, for example, as a function of increasing temperature [11, 13] or magnetic field [11, 12] . The most pronounced changes have been observed in the vicinity of the irreversibility line (IL) where α exhibits a sudden and discontinuous change from positive to negative values [11, 13] . Previously, this marked transition has been attributed to a one-stage melting of the vortex lattice [11, 13] since no indication has been obtained for a second transition of the vortex-state in the irreversible regime below the IL.
In the following we present new TF-µSR data which show that the equilibrium vortex-state does indeed undergo a second pronounced change as a function of temperature in the irreversible regime well below the IL. Our data establish that such a second transition occurs for all three sets of under-to overdoped Bi-2212 crystals regardless of the details of their vortex mobility. Consequently, this second transition cannot be explained in terms of a crossover of the vortex dynamics or a glass transition. The unique changes of n(B) instead are consistent with a two-stage melting scenario [5] of the vortex lattice. Fig. 1 displays the temperature dependence of the skewness α, the shift of the cuspfield with respect to the external field (cusp-shift, B sh ) and the second moment (< ∆B 2 >) of n(B), which have been obtained by field cooling in a magnetic field of 100 mT, 27.5 mT and 5 mT for the overdoped, the almost optimized and the underdoped crystals. The external field is always well below the dimensional crossover field H* ~ 150 mT, 60 mT and 7.5 mT, respectively [11, 12] . It was previously shown that the low temperature vortex structure undergoes a pronounced change as a function of the applied magnetic field from a regular fluxline lattice for H < H* to a strongly disordered array of decoupled pancake vortices for H > H* [11, 12] . In agreement with these previous reports, [11, 12] our low temperature 'µSR-lineshapes' at H < H* are characteristic of a FLL, i.e. we observe α ~ 1 and a fairly large value of B sh . Also, our data confirm that n(B) exhibits the most pronounced changes in the vicinity of the IL. At the IL, which was independently determined from DC-magnetization measurements [11] , the α-value drops and exhibits a sign change at T IL 46.5 K (0.73 T c ) for the overdoped, T IL 67.5 K (0.8 T c ) for the almost optimized and T IL 61.5 K (0.75 T c ) for the underdoped crystals ( Fig. 1 ). Another characteristic feature is that B sh and < ∆B 2 > become rather small above T IL . In addition to these well established features, our new data show that the T-dependence of n(B) exhibits yet another noticeable anomaly which occurs in the irreversible regime at a temperature T m < T IL . This second transition is evident in Fig. 1 in conspicuous changes in α, B sh and <∆B 2 > which occur in all three sets of crystals.
Furthermore, our TF-µSR measurements establish that the vortex mobility in the relevant temperature range around T m is fundamentally different for the underdoped and overdoped sets. The mobility of the vortex structure can be studied with the TF-µSR technique simply by reducing the applied field after the field-cooling process. The 'µSR lineshape' will remain unchanged if the vortices are rigidly pinned, whereas n(B) will follow the changes of the applied field if the vortices are mobile. For the underdoped set we obtain no evidence that significant vortex motion sets in below T m (not even on the time scale of hours), neither from the pinning experiments nor from the T-dependence of α and < ∆B 2 >. Here the sudden onset of vortex motion coincides with the transition at T m . In clear contrast, for the overdoped set -5-we observe the onset of significant vortex motion already well below T m at T dp ~ 17 K (0.27 T c ) << T m ~ 37 K (0.58 T c ). Here the signature of the vortex motion is also evident from the decrease of < ∆B 2 > and the slight reduction of α in the vicinity of T dp . This which emerges from our TF-µSR data ( Fig. 2a -c) and complementary DC-magnetization data ( Fig. 2a -c ) agrees surprisingly well with the (H, T) -phase diagram which has been predicted for the two-stage melting scenario [5] .
In the following we show the T-dependence of the 'µSR lineshape' in the high field regime at H > H* which provides additional support for a two-stage melting scenario. It has previously been established that the low-T vortex-state is a 'quasi-2D' solid of decoupled pancake vortices if the magnetic field exceeds a characteristic critical field H* [11, 12] . The decoupling of the pancake vortices seems to be driven by the gain in pinning energy when they become free to adjust themselves to point-like pinning sites within each individual CuO 2 (bi)layer. The low-T n(B) then becomes almost symmetric with strongly reduced values of α, B sh and < ∆B 2 > [11, 12] . Fig. 3 shows the T-dependence of α and B sh for the underdoped set at H ext = 100 mT > H* = 7.5 mT. Similarly to the low field data, the most pronounced changes of n(B) occur in the vicinity of the IL, where α drops and changes sign (Fig. 3) and B sh starts to decrease (Fig. 3) . Also, a second anomaly is again apparent in the T-dependence of n(B) which occurs in the irreversible regime well below the IL. Contrary to the decrease of [7] D.T. Fuchs et al., Phys. Rev. Lett. 80, 4971 (1998) .
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